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Device for Performing and Verifying a Therapeutic Treatment and 



Corresponding Computer Program and Control Method 
Description 

The invention concerns a device for performing and verifying therapeutic 
radiation, comprising a radiation source for a high-energy beam and a 
means for modulation of the high-energy beam on the gantry of an 
irradiation device, wherein for verification, an X-ray beam is disposed 
across from a radiation source for high energy beams and opposite a 
target volume of the radiation source for those high-energy beams such 
that the rays extend substantially oppositely to each other, and with a 
medium for detecting the X-ray beam disposed, relative to its radiation 
direction, behind the target volume and a medium for detecting the high- 
energy beam disposed, relative to the direction of this ray, before the 
target volume. The invention also concerns a computer program and a 
control method for operating this device. 

A device of this type is disclosed in US 5, 233, 990. In this device, the 
therapeutic beam and the X-ray beam are imaged on a screen, to permit 
determination as to whether or not the delimitation of the therapeutic ray 
by shielding blocks corresponds with the imaged X-ray image of the 
target volume. This document also discloses a corresponding method for 
controlling this device and mentions the possibility of using a computer 
program. This device only permits comparison of the outer contours of 
the therapeutic ray with the outer contours of the target volume. Spatial 
detection, detection of the treatment intensity of regions to be irradiated 
with different intensities and detection of the anatomy of the irradiation 
surroundings are not possible. The intensity and the surroundings, 
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however, provide important information if structures with low contrast, 
such as e.g. a tumor and endangered organs, are close to each other. 
This requires exact verification that the treatment zone corresponds with 
the position and anatomy of the target volume while avoiding critical 
target volume surroundings. 

It is therefore the underlying purpose of the invention to provide 
radiation treatment which, in addition to the contour of the therapeutic 
ray, also permits exact verification of regions of various radiation 
intensities and of the entire three-dimensional anatomy of the target 
volume and its surroundings, in particular, including bordering 
endangered organs. 

This object is achieved with a device of the above-mentioned type, in 
that the medium is designed for .detecting regions of various radiation 
doses of the high-energy beam, with a controller being connected to the 
media for detecting the radiation, to the means for modulation of the 
higtvenergy beam, to a drive for adjusting the position of the patient 
table, and to the radiation sources, wherein the controller is programmed 
with a treatment plan and designed to control the gantry and the above- 
mentioned elements in such a manner that 

a) before application of the high-energy beam, the anatomy and 
position of the patient in the region of the target volume are 
spatially detected by the X-ray beam by directing same onto this 
region from various directions, 

b) the detected anatomy and position of the patient are compared with 
the treatment plan and the patient position and/or the treatment 
plan are corrected, if necessary/ 
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c) the high-energy beam is applied from a first direction and thereby 
detected with respect to its shape and regions of varying radiation 
doses, 

d) at least one partial region of the target volume including its 
immediate vicinity is detected by the X-ray beam during a 
transmitting break of the high-energy beam, 

e) the x-ray recording is compared with the detected, applied high- 
energy beam and the treatment plan is corrected, if necessary, 

f) the steps c), d), and e) are repeated until the irradiation prescribed 
by the treatment plan for the first irradiation direction is achieved, 

g) steps c) through f) are repeated for all irradiation directions 
provided in the treatment plan. 

The inventive computer program is designed to enable control of the 
device to carry out the above-mentioned functions. It may be stored in a 
permanent storage location of the controller or be made available for 
control through a data carrier or online. The control method also serves 
for operation of the inventive device. In view of these features, reference 
is made to claims 12 and 19. 

The inventive device and the inventive computer program and control 
method permit basing the performance and verification of a therapeutic 
radiation treatment plan through determination of irradiations in three- 
dimensional space. 

In a first step, the X-ray detects whether the patient is positioned in 
accordance with this three-dimensional plan, wherein the position as well 
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as the instantaneous anatomy of the patient can be detected, examined 
and corrected through detection from different directions using the X-ray 
beam. In case of substantial variations, it is, of course, also possible to 
restart treatment at a later point in time after such correction. 

In the subsequent processing steps, transmitting breaks in the high- 
energy beam - which are always present in pulsed beams - are utilized to 
examine the above-mentioned features and to perform continuous 
correction and examination within intervals which are sufficiently short 
that even short-term anatomic changes, caused e.g. by the heart beat 
and breathing or muscle flexations, can be taken into consideration. This 
examination is performed many times for each individual treatment 
direction of the therapeutic beam such that erroneous irradiation can be 
largely excluded. 

For this examination, the invention provides that at least one partial 
region of the target volume, including its immediate vicinity, is detected 
by the X-ray beam during the transmitting breaks of the therapeutic 
beam. To be able to effect correction as quickly as possible, i.e. even 
during the treatment cycle immediately following the break, only a critical 
region may be detected, verified, and corrected. Such a critical region 
could e.g. be a tumor edge which borders on an endangered region such 
as the spinal cord. In this case, the region of the tumor edge and the 
edge of the spinal cord must be examined and corrected with particular 
care and accuracy. 

The varying radiation doses for different regions of the target volume 
are, in particular, also detected and compared with the current position 
and anatomy and, if necessary, the treatment plan is corrected in three- 
dimensional space. This examination may also include the region around 
the target volume which is compared with the treatment plan and is 



constantly taken into consideration for verification and correction. In 
particular, the entire treatment volume must be observed i.e. all tissue 
penetrated by the rays. The endangered organs must be taken into 
consideration to keep their exposure below a defined radiation dose. This 
radiation dose and monitoring of the surroundings is, in particular, 
important in the vicinity of vital organs, the irradiation of which must be 
minimized. 

It is essential for the invention that these examinations and corrections 
are based on the three-dimensional information detected in the first step, 
thereby providing much more accuracy compared to purely two- 
dimensional comparison proposed by the above-mentioned prior art. 

The following further developments concern the inventive device, the 
computer program and the control method for operating the invention. 
These are preferably designed such that permanent verification is based 
on three-dimensional detection of the region of the target volume in real 
time. The term "real time" means that the region of the target volume is 
detected in three dimensions not only before treatment but also during 
treatment. This is possible in that the X-ray beam is directed, during 
transmitting breaks, onto at least one partial region of the target volume 
including its immediate vicinity from different directions, but within a 
sufficiently small region that it is substantially still opposite to the 
direction of radiation of the high-energy beam to also detect, via data 
collected from various directions, the above-mentioned detection region 
in three dimensions and take it into consideration for verification in real 
time. 

These different directions can be determined and technically realized in 
different ways. In one embodiment, the radiation source is designed such 
that the X-ray beam describes a circular motion in one plane which is 
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disposed around an axis extending through the target volume and 
towards the radiation source of the high-energy beam. To be able to 
process this data, the corresponding control method and a computer 
program are required which are designed for evaluation of the X-ray 
acquisition data. The circular motion may be exercised by a 
corresponding mechanical device, e.g. using a rotary disc. 

As mentioned above, it is of particular importance that the shape and 
position of endangered organs is taken into consideration for verification 
and correction of the modulation of the high-energy beam. The 
controller, the method and the computer program for carrying out the 
control must be designed accordingly. Towards this end, the invention 
provides particular advantages compared to conventional devices and 
methods, since spatial detection and verification considerably reduces the 
danger of substantial /damage due. to changes in position and anatomy. 
To be able to perform the above-mentioned verification in minimum time 
thereby taking into consideration a three-dimensional instantaneous 
recording, the X-ray beam can detect a partial region of the target 
volume including a bordering region of an endangered organ during the 
transmitting breaks in the high-energy beam, and this detection is taken 
into consideration for verification in real time. This limits the processed 
data to the critical region, considerably reducing its amount while still 
providing continuous exact examination in three-dimensional space 
where required. 

A protocol about the applied radiation, preferably in three-dimensional 
space, and/or a protocol about the corrections of the treatment plan for 
the performed application of radiation are advantageously produced. 

The above-mentioned features can be realized in the form of a device, a 
computer program or a control method. The computer program is, of 
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course, only one preferred embodiment of a machine control sequence 
which is designed to be performed mechanically by the controller. It 
could also be designed as hardware or be carried out mechanically in 
another manner. 

In an advantageous further development of the device, both media for 
detecting the high-energy beam and for detecting the X-ray beam are 
designed as one common medium. In this manner, one detection 
medium is omitted and the overall number of devices is reduced. 
Association of the two detections is also simplified. The individual 
detection elements can thereby also be used for detecting both beams by 
e.g. detecting the X-ray beam directly on the surface and the therapeutic 
beam during penetration through the medium. The medium must consist 
of a material which is not damaged by the energetic therapeutic beam. 
The medium may e.g. be an array of photo diodes, which consist of an 
amorphous material, e.g. amorphous silicon or amorphous selenium. The 
beams cannot thereby destroy a lattice structure. The photo diodes 
should also be disposed in a housing which minimally attenuates the 
high-energy beam such that processing is not subject to differences 
which would be relevant to the treatment. The photo diodes could e.g. be 
disposed in a plastic housing which would prevent any noticeable 
weakening or scattering of radiation. 

The following discussion with reference to the drawing serves to explain 
the invention. 

Fig. 1 shows a schematic diagram of an embodiment of the inventive 
device; 

Fig. 2 shows an inventive device during use; and 
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Fig. 3 shows an explanation of the principle of optimum radiation to be 
verified in accordance with the invention. 

Fig. 1 shows the principle of the invention using an embodiment of the 
inventive device. A high-energy beam 1 is generated by a radiation 
source 11 and modulated by a means for beam modulation 2, e.g. a 
multileaf collimator, in accordance with the treatment plan, and directed 
onto a target volume 3. This is generally a tumor of a patient 21 who is 
lying on a patient table 19. In accordance with the invention, a medium 8 
for detecting the high-energy modulated beam 1 with respect to its 
shape and regions 16, 16', 16" of different radiation doses (Fig. 3) is 
disposed in the path of rays 9 between the means 2 for radiation 
modulation and the patient 21, such that the shaping and intensity 
modification of the device 2 for radiation modulation can be detected and 
monitored .-If: the modulation of the ray 1 differs from its desired value, 
switching off or correction may follow. 

A radiation source 10 for an X-ray beam 4 is disposed opposite to the 
radiation source 11 for the high-energy beam 1 such that a path of rays 
9 is generated, in which the direction 5 of the X-ray beam 4 is 
substantially opposite to the direction 6 of the high-energy beam 1. The 
X-ray beam 4 serves to detect the target volume 3 and the anatomy and 
position of the patient 21 in the manner described above. A medium 12 
detects the X-ray beam 4 after its passage through the patient 21. The 
media 8 and 12 are suitably designed as medium 13 for detecting the 
high-energy beam 1 and the X-ray beam 4. Reference is made to the 
above-mentioned embodiments with regard to suitable design. 

The radiation sources 11 and 10 are arranged such that the therapeutic 
beam 1 irradiates the target volume 3 and the X-ray beam 4 detects the 
target volume 3 and its surroundings which should also be taken into 



consideration for modulation of the therapeutic beam 1. For this reason, 
the X-ray beam 4 is more divergent than the therapeutic beam l. The X- 
ray beam 4 may, of course, be narrower than shown and must not detect 
the entire patient 21. 

If a detection medium 13 is provided, its surface must be dimensioned 
such that it detects the conically diverging rays 1 and 4 in the position of 
the arrangement of the detecting medium 13. 

The treatment is suitably carried out with the following steps: 

In a first step of the verification procedure, a current computer 
tomography data set .of the patient 21 in the therapeutic situation is 
obtained directly before start of the radiation therapy using a computer 
tomography system i.e. the X-ray beam 4 and a medium 12 or 13. 
Changes of the target region 3 and position errors of the patient 21 can 
be directly recognized such that the subsequent therapy can be matched 
with this new data. The target region 3 and its surroundings are detected 
several times from various directions 7 (see Fig. 3), wherein these 
directions 7 are obtained through rotation of the gantry 14 to various 
positions. Using the data obtained in this manner, a controller (Fig. 2) 
can produce a three-dimensional image of the target volume 3 and its 
surroundings and compare it with a previously established, stored three- 
dimensional treatment plan. The position of the patient 21 can then be 
corrected e.g. through adjustment motions of the patient table 19 (Fig. 
2) or through correction of the treatment plan. 

In a second step, the field shape and the intensity distribution of the 
therapeutic beam 1 are measured and recorded during application of the 
therapeutic radiation fields 24 (Fig. 3). Thereby and on the basis of the 
current computer tomography data set, the radiation dose distribution 
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16, 16', 16" (Fig. 3) applied to the patient 21 can be reconstructed and 
verified online. In case of deviations, the irradiation can optionally be 
interrupted or continued with corresponding corrections. The type and 
arrangement of the X-ray source 10 and of the medium 13 for detecting 
the beams 1 and 4 permit monitoring of the relative position of structures 
(target volume 3, regions 16, 16', 16" of the target volume 3 to be 
irradiated with different doses, and endangered organs 17) with low 
contrast (soft tissue contrast) in the therapeutic radiation field 24 and its 
surrounding (Fig. 3) by means of the X-ray beam 4 during application of 
the individual therapeutic radiation fields 24 and performance of 
immediate and nearly simultaneous correction. 

This requires continuous detection of the above-mentioned parameters, 
which is effected in accordance with the invention in the transmitting 
breaks of the high-energy beam 1 using the X-ray beam 4 and the 
medium 12 or 13 and can be directly taken into consideration for 
subsequent application. This detection is also included in the previously 
detected three-dimensional parameters to obtain exact verification and 
correction. 

In an advantageous manner, the above-mentioned permanently taken 
"current recordings" of the target volume 3 detect three-dimensional 
parameters during transmitting breaks in the high-energy beam 1. This is 
possible by directing the X-ray beam 4 onto the target volume 3 from 
different directions during detection. In one embodiment, the radiation 
source 10 for the X-ray beam 11 is designed such that it can describe a 
circular motion in one plane about an axis 28 extending through the 
target volume 3 towards the radiation source 11 of the high-energy beam 
1. This is not illustrated since the motion is very small and the directions 
5, 6 of the beams 1, 4 remain substantially opposite to each other. Of 
course, the controller 15 (Fig. 2) must be designed such that it 
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establishes a three-dimensional representation of the region of the target 
volume using the data of the X-ray recordings along this circular motion 
to use same for verification. 

This circular motion, which is performed mostly in a small region, may be 
effected e.g. mechanically through eccentric arrangement of the radiation 
source 10 of the X-ray beam 4 on a rotary disc. 

The above-mentioned "current recordings" can be limited to a critical 
region e.g. to a region where the tumor borders on an endangered organ. 

Fig. 2 shows an inventive device during use. This conventional 
construction of a radiation device 18 comprises a radiation source 11 for 
the therapeutic beam 1, a patient table 19 and a means 2 for radiation 
modulation to direct the medically indicated radiation onto a target 
volume 3, e.g. onto the head 20 of a patient 21 such that a tumor is 
maximally damaged and the surrounding tissue is protected to a 
maximum degree. Towards this end, a frame (gantry) 14 is provided 
which can surround the patient 21 from all sides. The gantry 14 contains 
the radiation source 11 for the therapeutic beam 1, with the high-energy 
radiation 1 being generated e.g. by a linear accelerator 22. The radiation 
source 10 for the X-ray beam 4 is disposed on the gantry 14 opposite to 
the radiation source 11, as previously described in Fig. 1. In this 
connection, reference is made to the above description, wherein identical 
reference numerals refer to components having identical functions. 

The gantry 14 can be rotated about a horizontal axis of rotation 23, 
wherein the beams 1 and 4 are directed onto the target volume 3 or its 
surroundings. The target volume 3 is in the isocenter of the beams 1 and 
4, wherein the radiation sources 11 and 10 and a means 2 for radiation 
modulation circulate around the axis 23 of the patient 21 during rotation 
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of the gantry 14. At the same time, the treatment table 19 may be 
displaced or rotated to provide exact adjustment of the setting of the 
radiation of the therapeutic beam 1 onto the target volume 3 of the 
patient 21- The position of the patient 21 can thereby be corrected such 
that he/she is positioned in accordance with the treatment plan. 

Through rotation of the gantry, the target volume 3 experiences 
maximized irradiation from the various irradiation directions 7 (Fig. 3), 
while the surrounding tissue is protected to a maximum extent, since it is 
exposed to the high-energy beams 1 only for a short time. Moreover, 
certain areas of the body, such as e.g. the spinal cord or other 
endangered organs 17, must be completely protected from the high- 
energy radiation 1 and are largely excluded by the design of the 
therapeutic radiation fields 24 from the various directions 7 (Fig. 3). 

The position and the profile of the target volume 3 and the position of 
endangered organs 17 or of areas 16, 16', 16" which are provided for 
different radiation doses are detected by the medium 13 in three 
dimensions using the X-ray beam 4. At the same time, the actual state of 
the modelled therapeutic beam 1 is also detected and optionally 
corrected as described above. This data is processed such that the 
collimator 2 forms a corresponding collimator opening, with which the 
exact shape of the target volume 3 can be irradiated with the desired 
radiation dose distribution 16, 16', 16" (Fig. 3) through the inventive 
detection and verification. Using collimator 2, the radiation dose 
distribution 16, 16', 16" is obtained through application of one or more 
therapeutic radiation fields 24 of various duration from several directions 
7. 

To be able to obtain any setting, a controller 15 is provided which may be 
a specially designed or universally usable computer. The controller 15 is 
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provided with the treatment plan and is connected to media 8 and 12 for 
recording the data to be processed and for control of the above- 
mentioned processing, to the medium 13 for detecting the beams 1 and 
4, to the means 2 for modulation of the high-energy beam 1, to a drive 
for setting the position of the patient table 19 and to radiation sources 10 
and 11 and to a drive and a position detection means for the gantry 14. 
It is operated in correspondence with the inventive control method, e.g. 
using the inventive computer program. The radiation source 11 and the 
means 2 for radiation modulation, the gantry 14, and optionally also the 
patient table 21 are controlled on the basis of the irradiation plan and the 
above-described repeated verification. The means 2 may be a collimator 
or a scanner. The therapeutic radiation fields 24 to be irradiated are 
defined by the collimator or generated through scanning of a therapeutic 
beam 1. 

Fig. 3 illustrates the principle of tumor irradiation, wherein a medically 
indicated high-energy radiation 1 is applied from different directions 7. 
For optimum irradiation of a target volume 3, e.g. a tumor as mentioned 
above, and maximum protection of the bordering tissue, various 
therapeutic radiation fields 24 are formed for each of the different 
radiation directions 7. This is provided by the means 2 for radiation 
modulation which may be designed as a collimator or scanner. To assure 
that the target volume 3 to be irradiated receives the required dose while 
endangered organs 17 are protected, the therapeutic radiation fields 24 
may e.g. be formed as matrices 25 of individual fields 26 with different 
radiation doses. Other possibilities, such as continuous scanning, are also 
feasible. Such matrices 25 can be reproduced in almost any shape 
through leaf adjustments of a multi-leaf collimator, wherein thin leaves 
obtain an optimum fine reproduction of the therapeutic radiation fields 
24. In addition to the example shown, several different therapeutic 
radiation fields 24 of different duration may be applied to obtain regions 
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16, 16', 16" with different radiation doses in an optimum manner. In this 
process, the inventive, nearly simultaneous verification and correction 
takes place in the above-described manner i.e. with repetitive verification 
which is frequently performed for each radiation direction 7. 

The figures represent only examples of the invention. The therapeutic 
radiation fields 24 can also be generated by a scanner instead of a 
collimator. The scanner then serves as means 2 for radiation modulation 
and the medium 8 or 13 must detect the scanned therapeutic radiation 
fields 24 such that the inventive verification and correction, including 
optional interruption of treatment, can be effected in an appropriate 
manner. Other designs are also feasible, which utilize the basic idea of 
the invention. 
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List of Reference Numerals 



1 high-energy modulated beam (therapeutic beam) 

2 means for beam modulation 

3 target volume 

4 X-ray beam 

5 direction of the X-ray beam 

6 direction of the high-energy beam 

7 different directions of detection and irradiation of the target 
volume 

8 medium for detecting the high-energy modulated beam 

9 path of rays 

10 radiation source for X-ray beam 

11 radiation source for high-energy beam 
.12 -medium for detecting the X-ray beam 

13 medium for detecting the high-energy beam and X-ray beam 

14 gantry 

15 controller (computer) 

16,16,16" regions of different radiation doses (radiation dose 
distribution) 

17 endangered organs (e.g. spinal cord) 

18 radiation device 

19 patient table 

20 head 

21 patient 

22 linear accelerator 

23 axis of rotation of gantry 

24 therapeutic radiation fields 

25 matrices 

26 individual fields 

27 brain 
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axis which extends through the target volume to the radiation 
source of the high-energy beam 



